MAJOR ISSUES AND FINDINGS
(F) Importance of Variations in Water Quality

Water-quality criteria and indicators used for monitoring 03 40,000
and overall management of contamination sources for
water resources in this basin could be enhanced by con-
sidering the water-quality effects of variation by sub-
region, hydrologic conditions, and season.
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Nitrate concentrations in streams tended to be highest in th
central subregion of the Study Unit (Tornes and others,
1997) where fertilizer application was the greatest (Tornes
and Brigham, 1994). Total phosphorus also was higher in th
central subregion than in the other subregions (Tornes and OCUAR  APR  MAY JUNE JULY AUG SEPT  OCT
others, 1997). Atrazine and associated herbicides were - - . t_1993f icides in the Red Ri
. . igure . € concentration of pesticides In the Re ver
Qetecteq mostly in the sogthern part of the bas[n where corl depends on the timing of their application and runoff from
is a major crop. Streams in the western subregion had the rainstorms or snowmelt.
highest concentrations of sulfate and usually the highest con-

centrations of dissolved solids. Dissolved-solids concentra- ga|| brings cool temperatures, falling leaves, and low stream-

tions ranged from 300 mg/L in the upper Otter Tail River to water levels. Streamflows approach the annual minimum

about 800 mg/L in the Bois de Sioux River (Tornes and oth-qyring fall (Stoner and others, 1993). Reduced flows gener-

ers, 1997). ally correspond to reduced suspended-sediment, nutrient,
and pesticide concentrations.

This study was conducted during a period of relatively wet

hydrologic conditions. These wet conditions enabled some petgjled studies of cropland effects on the quality of

definition of water quality during high streamflows and water in shallow surficial aquifers (Otter Tail and Shey-

ground-water recharge. However, without comparable histolsnne pelta study areas, p. 22) showed significant differ-

ical data, the specific effects of these wet conditions cannotences in pesticide presence and nitrate concentrations

be quantified. with location, season, and depth (Cowdery, 1997).
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Much of the temporal variation in water quality is seasonal. tq megian nitrate concentrations in ground water from the
Seasonally, winter brings cold temperatures, snow, and ice.otter Tail study were higher than from the Sheyenne Delta
Surface waters tend to have less dissolved oxygen, lower study: 6.1 mg/L compared to 0.03 mg/L, respectively. More
concentrations of suspended sediment, and higher Concentf?e'sticides were detected for the Otter Tail study and at
tions of nutrients than during other seasons. Ammonia and higher concentrations than for the Sheyenne Delta study.
dissolved phosphorus concentrations can be high under icérq \aterquality difference was related to differences in
conditions. Typical concentration of dissolved oxygen undery, .| hitrogen application to cropland (estimated at 52 and 23
ice was 0.1 mg/L in the Red River (Tornes and others, 1997}, 45 per acre per year, respectively) and slight differences
in hydrologic and soil conditions among the aquifer settings.
Spring brings cool temperatures, melting snow and ice, Although land use in both areas was similar, the Otter Tall
flooded fields, and high flows in rivers with corresponding aquifer received more recharge because of coarser textured
increases in dissolved-oxygen, suspended-sediment, and soils and generally more irrigation.
nutrient concentrations. Snowmelt and precipitation runoff

d:'Vzgt?our:r;n;sth265“(:";122’O‘?]n:f if}i'::;g};?eslggjeﬂi' tﬁZ”SeasonaI differences in nitrate concentrations in the upper 5
prep bp to 10 feet of these surficial aquifers were related in part to

;:C?rljrtrr?:(;?n%fuarteg;Fzﬁlgrr]niargr%intfaiorrejzrs dogzg V%rr']?tb'fhe timing of significant recharge periods that generally
y . . . YU coincided with spring snowmelt and major summer rain-
streams. Agricultural chemicals such as triallate, a herbicide

applied in the fall, may reach their highest concentrations Storms. This variable recharge, in conjunction with varia-
. : ’ : : i in the timi licati f fertili li
during spring (Tornes and Brigham, 1995) (fig. 14). tions in the timing and application of fertilizer applied to

each crop, results in complex changes in nitrate concentra-
tions over time in shallow depths in these aquifers (fig. 15).
Summer brings warm temperatures, thunderstorms, and ge8imilar temporal variability in pesticide presence also might

erally declining water levels in rivers. The periodic rain- be expected. This information could be used in the design of
storms increase suspended sediment and transport pesticidg®und-water monitoring of surficial aquifers for the purpose
applied in spring and summer to surface waters. of checking the progress of land-management practices.
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T T T T T T T T T T T the size of streams and the number of ecoregions through
A n which a stream flowed (Goldstein, 1995). Approximately 60
z #[ ¢ \ A A AM = percent of the variability in fish community composition can
éé sl i Sheyenne Delta A A i be attributed to factors such as habitat, streamflow, water
,Ez_‘g well A temperature, minimum dissolved-oxygen concentration,
g% 15— g A B - nutrients, and suspended sediment (Goldstein and others,
F: A o’ g 1996b). Additional variation was due to both human influ-
Eg 0 A 7 ence from land-use practices and biological interactions
s S i (competition, predation, disease, and parasitism) (Goldstein
9o o . and others, 1996b). No patterns could be found to interpret
ol @ Q0 :Q@L& cause-and-effect relations. Biological communities have
3 g z 3 s ks 3 % adapted to take advantage of the environmental conditions
1008 i 1984 " 4w thatoccur during each season: increased habitat volume and
Figure 15. At shallow depth in surficial aquifers, nitrate dissolved-oxygen concentrations during the spring for repro-
concentrations sometimes varied with season. duction; increased water temperatures and productivity dur-

Many privately owned drinking-water wells used in the Ottering summer for growth; lower water levels during fall for
Tail and Sheyenne Delta aquifers are deeper than the moniconcentration of prey; and reduced activity and return to
torfmg wel_lskfrom this S“:dy and prr]oduced We;)tler that wf?s deep-water refuges during low water and dissolved-oxygen
safe to drink, Water. qua Ity near the water.ta ewasa eCtegoncentrations in winter (Goldstein and others, 1996b). A
by the land-use activities because of relatively recent bioloaical monitoring proaram (Niemela and others. in
recharge (1 to 10 years). The quality of the deeper ground 9 _ gp _g _ ( i .
water was older (greater than 20 years) and was therefore P'ess) that relies on periodically sampling communities

less affected by the relatively recent land-use practices andunder the same seasonal environmental conditions has been

recharge (Stoner and others, 1997, and fig. 16). developed for the Red River Basin Study Unit.
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Figure 16. Ground-water monitoring that considers the use of wells Spotfin shiner
completed near the water table could provide resource managers Burbot
better opportunities to effect change in land-use practices before \I?le(l::y(gapple
contamination spreads wider and deeper into an aquifer. Yellow perch MEDIUM
Northern pike TO
Golden redhorse LARGE
Silver redhorse
. . . . Shorthead redh
Fish community composition correlated well with stream e
size, habitat availability, and hydrologic variability, but not Common carp

Chestnut lamprey

with geographic provinces and ecoregions (Goldstein and .
. . . auger
others, 1996b). Species in small streams, medium streams, Cuillback
and large rivers tend to differ (fig. 17). The source of species gg;;;;yf LARGE
for tributary streams was the Red River, so any given species | Siverchub
A . . . Emerald shiner
has potential access to most tributaries. The number of fish

species (one measure of community health) increased with Figure 17. Fish species composition changes with stream size.
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